In a previous report (1), we described an uptake system for methylamine in a methylotrophic bacterium Pseudomonas sp. strain MA that was, in contrast to most other reports of methylamine uptake, insensitive to ammonium ion. The system had Km and Vm.,, values much higher than those previously reported for other microbial methylamine uptake systems (4, 5, 7, 8, 9, 11) . For that study, the organism had been grown on methylamine as the sole source of carbon and nitrogen. However, the cells can grow by using methylamine as sole nitrogen source in the presence of an alternate more preferable carbon source, such as succinate or glycerol (2) . It has been shown that the organism growing in such media uses the alternate carbon source preferentially and uses the methylamine only as a source of nitrogen (3) . Under these conditions, it was noted that methylamine uptake was slower than during growth on methylamine alone. It was decided to investigate further the uptake of methylamine as the sole nitrogen source, and this manuscript reports the results of those studies.
The organism for this work is a nonpigmented Michaelis-Menten kinetics were observed when the experiments were done with much lower methylamine concentrations. Double-reciprocal plots showed that this uptake system had a Km of 16 ,uM and a V. of 2 nmollmg (dry weight) of cells ( Fig. 1) . At concentrations lower than 50 ,uM, uptake was linear for only a few minutes, after which time the cells took up no further methylamine. At higher concentrations uptake rates remained linear for at least 15 min.
In its role as sole nitrogen source under the growth conditions used, methylamine can be considered to be acting as a substitute for ammonium ion. Therefore, the effect of ammonium ions on the uptake of methylamine was investigated. It was found that ammonium chloride was a mild competitive inhibitor of methylamine uptake (Fig. 1) (Fig. 2) .
Succinate-/methylamine-grown cells that had been treated by the osmotic procedure described by Neu and Heppel (6) showed a 45% loss of capability to take up methylamine compared with control cells from the same batch that had not been osmotically shocked.
Cells grown on succinate and ammonium chloride are unable to take up methylamine. However, the ability to take up methylamine can be induced in such cells by suspending them in succinate-methylamine medium. Uptake is induced slowly and reaches a constant value after about 15 h (Fig. 3) .
The differences in properties of the methylamine uptake systems found in differently grown cells show that this organism possesses two distinct systems for methylamine uptake. One, the carbon transport system, is used when methylamine is the sole carbon source. The other, the nitrogen transport system, is used when methylamine is the sole nitrogen source. The properties of the systems reflect the usage of methylamine under the different growth conditions. Thus, when methylamine is the sole carbon and energy source, a much larger quantity of methylamine is required by the cells. Hence, the cells use a large-capacity uptake system that has a relatively high Km for methylamine reflecting the high concentration of methylamine used in the growth medium. Since this system is essentially a carbon compound transport system, its lack of inhibition by ammonia is reasonable. Previous pulse-labeling experiments (10) have shown that methylamine is rapidly converted to certain Nmethylated amino acids by this organism, notably N-methylglutamate and y-N-methylglutamine, which are used for further metabolism. Accordingly, free methylamine cannot be washed out of these cells (1) . The cells require far less methylamine when it is used only as a nitrogen source; hence, the transport system used under these conditions has a lower capacity, but a greater affinity, for methylamine. In this case, there is inhibition by ammonium ion in the concentration range most generally used for ammonium salts as nitrogen source. The relatively weak inhibition (Ki, 4.8 mM) shown by ammonium ion compared with the very severe inhibition shown in other systems (Table 1) tends to indicate that the methylamine uptake system is not an ammonium uptake system acting nonspecifically. This concept receives further support from the observations that cells grown in succinate-ammonium chloride cannot take up methylamine, and this ability is induced on exposure to methylamine for several hours. In the only previous study of bacterial ammonium ion transport, Stevenson and Silver (11) showed that Escherichia coli but not Bacillus subtilis grown in limiting nitrogen medium could transport methylamine and that transport was severely inhibited by ammonium chloride. However, kinetic data were not obtained due to experimental variability from day to day. In Pseudomonas sp. strain MA, as in B. subtilis, if an ammonium transport system exists, it cannot transport methylamine and only the nitrogen -t ar EQ *S a0 z NOTES transport system ofPseudomonas sp. strain MA shows any affinity, albeit very low, for ammonium ion. The nitrogen transport system of Pseudomonas sp. strain MA is more similar in properties to other previously described methylamine uptake systems than is the carbon transport system. Neither system in Pseudomonas sp. strain MA is inhibited to any degree by amino acids or amides, but both are affected by short-chain alkylamines. In its susceptibility to respiratory chain inhibitors, osmotic shock, pH, and temperature dependence, the nitrogen transport system is similar to the carbon transport system. Both systems are inducible and they appear to be mutually exclusive, as we could find no evidence for a high-affinity uptake system in methylamine-grown cells (1).
